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The following ESPIONAGE NOTICE can be disregarded unless this document ' |

is plainly marked RESTRICTED, CONFIDENTIAL, or SECRET.

NOTICE: THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE
NATIONAL DEFENSE OF THE UNITED STATES WITHIN THE MEANING
OF THE ESPIONAGE LAWS, TITLE 18, U.S.C., SECTIONS 793 and 794.
THE TRANSMISSION OR THE REVELATION OF ITS CONTENTS IN

ANY MANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED BY LAW.
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9th Part of Report No. AAEE/843/1.

Hastings C. tidk, 2. ¥D. 476
(Hercules 106)

Enzine cooling tests at 80,000 lb, with and without
cooling fang, and external stores

A & AB.BE. Ref.: AABE/5707,3/10.
Period of Tests : June, 1953,

Progress of iasue of Report

! Report No. : Title ?
Lth Part of AAFE/8.3/1. VD475 Brief handling trials

5th - do - WD.475 Compass asgessment.

6th - do - 3D.L76  Take-off performance.

7th - do - WD, 476  Noise level measurements.

8th - do - WD.476 Investigation of air speeds during

j take-off and climb away.

Summary

e e

The results of the engine coolinr tests on WD.476, after making allowance
for such factors as the lower performance obtained with an external load of
higher drag than that carried on test and for e less severe engine-operating
condition on the climb, indicate that the cylinder temperature limitations will
be exceeded as follows with the cooling fans removed and under tropical summer
standard conditions:-

(1) Teke-off 102C.
(ii) Climb 15°C.
(iii) Tevel flight at 8,000 feet 15°¢,
(iv) Level flight at 1,000 fect, at a dropping o

speed of 115 knots, I.A.S. 307C.

With the cooling fans fitted, (iv) is the only case likely to give rise
to the limitations being materially exceeded,

On the assumption that the conditions of manoeuvre and power settings
relevant to the above, are representative of those used by Transport Command
in their operation of Hastings aircraft carrying extcrnal stores, without
cooling fans, then it is reasonable to expect that similar levels of cylinder
temperature are realised in Service. In fact, they may be materially higher,
by reason of, = {a) the indications of cylinder temperatures displayed by the
standard pyrometers to the aircrew being much lower than those measured on thc
same cylinder by test pyrometers, and (b) by the location of the standard
pyrometers on cylinder No. 14 which is not the hottest in all instances,
resulting possibly in the cowl gills being used in the shut position, when, in
fact, they should be open for increascd cooling.

The forcgoing does not take into account such circumstances as assymetric
powered flight following an engine failure on take-off and the practising of
overshoots with simulated engine failure, Either of thesc would tend to result
in a material incrcase in cylinder temperaturc at take-off power setting.

/Since it....
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Since it opocars that therc has been no undue inerease in the rate of
engine or relevant componont failure during Transport Command's opcration of 4
Hastings eircraft in tropical climates with cooling fans removed, it is sugges-

ted that the currcnt cylinder temperature limitations for the Hercules 106 can
be materially excceded with safety.

R

The potential dangers arising from the mal-functioning of the standard
single point pyrometers, combined with the fact that the cylinder on which it

is located is not always the hottest, warrant consideration being given to the
deletion of the equipment in its present fomm,

The frequency with which mechanical failures of the cooling fan installa-
tion has occurred on Hastings aircraft oporated by Transport Command, suggests
that their retention may introduce a hazard greater than that due to the increase )
of cylindor temperaturc arising from their removal,

An investigation is proceeding into the reasons for the mal-functioning
of the standard single point pyrometer cquipment,

This report is issued with the authority of | {
" ~ \‘ J‘ A ~
| N,
/AL

AN

A .
} Air Commodore,

N Commanding, A, & L.E.E.

T,

/Introduction.... A
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1. Introduction

The high ratc of failure of propeller driven engine cooling fans on
Hastings aircraft, has necessitated the removal of that cooling eid from
those aircraft operated by Transport Command. In consequence, the Air Ministry
requested M, of S. to give consideration to the following:-

(a) technical clearance for world wide operation without the fans
fitted, or failing this

(b) the dovelopment and production of cooling fana having a reasonable
degree of mechanical reliability.

This request resulted in a number of meetings between the A.M., M. of 8.,
Bristols and A, & L.B.E. It was not possible to reconcile o number of view-
points put forwerd during these discussions. In particular, the cylinder tem-
peratures observed by Transport Command during operation in the Middle East of
Hastings aircraft without cooling fans differed from those to be expected when
assessed on the basis of controlled engine cooling tests made in the tropics on
a Hastings powered with Hercules 101 engines (with fans fitted), corrected for
the estimated effect of the change to Hercules 106 engines without cooling fansa
In consequence it was recommended that L. & A.E,E,, with the assistance of
Bristols, should conduct tropical ongine cooling tests on a representative
Hastings 2 aircraft, in the most adversc operational configuration of external
load. -

Subsequent o thc allotment of Hastinas C. Mk.2.WD.476 for the trials,
instructions werc received not to procced with the tropical tests pending
further information from the Air Ministry., Cooling trials were however, made
at 4, & ABE.E., and the results of these tests form the subject of this report.

2, Description of aircraft relevant to tests

2.1, General, The aircraft is a standard Hastings C, Mk, 2 aircraft,
powered with Hercules 106 engines, driving de Havilland l-bladed hydromatic
metal propellers of 13 f£4, diameter (Type D.100/446/1.)

2,2. Enrdne perticulars., Production Hercules 106 engines® were installed
as follows:=

P.0, No. 137,69 P.I. No. 137485
S.0. No. 137477 S.I. No. 137468

Fuel injectors, Hobson R..L.E. type BI/@H.5/3 were fitted to cach cngine.

Normal and weak mixturc bleed filter screens were incorporeated as a safe-
guard against possible ingress of foreign matter. Thesc filter screens do not
affect the flow characteristics of the injectors. [ stendard ground tuning
check was made and all engines were within prescribed limits (see Pig. 1).

Phe engine and propeller installations, in terms of the rcelevant aspects
of cylinder cooling, were to the current modification standard., The cooling
fans (Type DHFI/1) were removed from Nos. 1, 2 and 4 propcllers for the compara-
tive tests referred to later. The fan was retained on No. 3 propeller throughout
the tests to provide an undisturbed datum., The spinner back plates and spinners
were in situ throughout all the trials.

/Thes. .,

¥ The relevant differences betwecn the Hercules 106 and 101 engines are:=-

(8) Takc-off and opcrational necessity boost is 8% 1by/sq.in. for the 101,
compared with 10 1b.Aq.in. for the 106,

(b) The 101 enginc was tuncd to the prescribed limits (common to both
serics) with an open exhaust, whercas the 106 cnginc was tuned to
these limits with the corrcect cxhaust system fitted.

At the rospective take~off power rating the specific fuel consumption of
the 101 engine with the correct cxhaust system, is estimated to bc 0.03% B/BHE/
greater than that of the 106 enginc with a similar exhaust system.

= :‘"*‘1 . ;,«:‘Swv’)"“k
1
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The air intake system was atendard, allowing sclcotion of rammed cold
air, rammed clean air, or warm air,

The engine limitations declared for the Hercules 106 engine in Eng.R.I,1(b) .

certificate ref. 7/Eng/389%4 dated 7.12.51, are:-

Power condition R.P,M, Boost Cyl Engine ip oil
— 1bAn? tamp.9C _ temp, °C
Take-off and operetional nccessity 2800 +10 310 100
(5 min. limit) -
Intermediate and max. emergency cruise 2:00  +6 300 90
Max, continuous 2400  +6 300 80
Max, continuous with weak mixture 2400  +2% 300 80

2.3, 0il coolers. Lawrence coolers to Drg. J¥L.131 Issue 3, fitted to
Nos. 1, 2 and 3 engines; Serck cooler to Drg. No. W.S.11440 Issuc 4, fittcd to
No. 4 engine, .

2.4, Test instruments

(a) Oylinder head tcmperatures were measured at all front row positions
of each of the four engines, and at all rear row positions on No. 2 engine only.

Elliott type gauges with ice-cold junctions were used throughout. No, 14 cylin-

der tempersturc geuges were located at the flight engineer's station but all
others were mounted in an asutomatic observer, PFor ccrtain tests, the standard
single point® pyrometers were comnccted to No. 14 cylinder of each engine

(b) tir temperaturc yvas measured on o balanced bridge type thermometer.

(¢} Xent displacement type flowmeters were fitted to all engines, the
impulses from these being receiveld by stendard gallons gone counters, flashing
lights, and direct reading indicators, the latter located in the automatic
observer,

(d) The standard nilots and flight engineer's instruments (previously
celibrated) were used for all test work, but No. 2 engine r,p.m. and boost,
together with an altitcter, /,8.1, and cleck were dunlicated in the automatic
observer,

2.5. Ioadinu. &1l tests were made Crom a tekc-off weight of 80,000 1b,
\fith the exccption of tests mentioned in the succecding paragraph, no external
load wes cerricd.

The tests with cxternal load were, for convenience, ceffected with 20
supply containers CLE Mk, 3 carried on racks under the fuselage and inboard
wing section, This configuration was the nearest practicable approximation to
the worst drag case of the Hastings aircraf't.

3 Scope of tests

All tests were mode in I, Supercharger gear,

Flight tuning checks at take-off, intermediate and max. continuous week
mixture power settings were made before commencing the cooling tests, and were
repeated towards the cnd of these tests. -

The cooling tests covered ground cooling, take-off and climb at take-off
power for 5 mins, followed by climb at intermediate power to 8,000 feet, Tests
in level flight at maximum wealk mixture power were then made at 8,000 fect,
followed by a shallow descent to approx. 1,000 fect, et which height a dropping
run was simulated. Repeat tests werc made as indicated in the following table.

/Tableo ceon

® Phermocouplc:~ Storc Ref.: 103542, DBristol Part. No. 139037.
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No: of [Containadlooling/ Cowl
Condition testy on or fons o gill
made. offe  pr off | settin
Ground cooling for 10 mins, at 1400 r.p.m, 2 offt On  |Full open
2 off Off [full open
Jake-off and climb at takc-off powver for
5 mins, at 125 knots I...5. 4 off On [Full open
2 off Off [Full openl
1 On. Off (Full openy
Climbs at intermediato power from end of 2 off On  jFull open
toke-of'f power, to 8,000 ft. at 130 knots 2 off Off |Full open
I,£4,S, 1 On Off |Full ope
Level flight ot 3,000 ft, at max. contin- 2 off On |Shut
uous power, weak mixture, 2 off Off |Shut
1 On off é-;— open
on 2,3,
gand k. ) L
Full ope
(on 1.05)
Dropping run at 1,000 ft.,at 2400 r,p.m, 1 1 on off & open on|
at 115 knots I..4.S. 1 and 2,
Shut on 3
and L,

# Fan on No, 3 engine for all tcsts.

During the ground cooling tests, recordings vwierc taken each 3 minutes.
During take-off tests, recordings were taken cach 10-15 scconds until 1,000 ft,
altitude was reached, During continuation of climb at teke-off power record-
ings were taken at 500 f£t, intcrvals, then at 1,000 ft, intervals after
throttling back to intermediote power. Recordings in level flight were teken
at the end of 10 minutcs, by which time the cylinder temperatures were
stebilised. o

L. Results of tests

4.1. Generel., The cylinder temperatures have been corrccted to the
I.C.A.N, standard of air temperature. Unity responsc of cylinder temperature
to air temperature has been assumed in making that correction. The validity
of that assuaption, within the probable limits of the true valuc of the correc-
tion factor, is not important in terms of cither the standard to which the
results are corrected, or the comparisons made between different conditions;
this is because the ambient air tempereture on test was at no time more than
39 below or above the I.C.L.N. standard,

A11 results quoted for o given condition of operation (c.g. power set-

ting, configuration) erc on the basis of mean values. Repeatability was nomnlly

within the order of 5°C or less but in some cases as much as 10°C was encoun-
tered; this excludes conditions of an cssentielly transicent nature such as th-
opening=up period during takee-off.

Cylinder tempcreturcs arc quoted to the nearest 5°% in the succeeding
paragraphs.

4.2, Tuning characteristics. These results arec plotted in Figure 1
and compared vith the nominal fuel flow limits,

L,3. Ground cooling., The maximum cylinder head temperatures obtained,
with cooling fans, at 1400 r.p.m, vith propellers on the fine pitch stops,
using clean air and 'i' gear with the gills fully open, were well within the

/relevant., ...
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relevant limitations of 300°C (maximum continuous) and 230°C (recommendod
moximum before commencing take-off) with cooling fans fitted., Without the
cooling fans, changes of temperature distribution pccurred, with attendant
increcases in the maximum cylinder head tomperaturcs which, however, wore
8till well within the aforcomentioned limitations, Polar dingrams showing
the temperature distribution at these conditions are given in Fig. 2.

Lo Take-off and climb: The results are as follows:=

(i) Toke-off and initiel climb, Figs. 34 to 3D show curves of the
highest cylinder temperature on cach engine ageainst time, zoro time being
that at which the aircraft Lrakes were released. With one exception, no
particular attempts were mede to obtain specific cylinder temperatures
before starting the takc-off, and any differences in starting temperature
between various tosts were reflected to o less cxtent on attaining safety
speed (125 Xnots I.A.S.) at dbout 1 min, after release of brakes, Within
2 mins, of camencing the take~off, these effects woere no longer evident,
the engines by this time having settled down to stabilised conditions,
under which, altitude was the only variable affecting cylinder temperatures.

These curves also show the effect of removing the cooling fans from
Nos, 1, 2 and 4 cngines in terms of the hottest cylinder in that configura-
tion, The maximum cylinder head temmeratures at the take-off speed werc
sane 15° to 209G greater with the fans removed, but thereafter the diffe-
rence became progressively less., During the tests in which 20 conteiners
were fitted externnlly, the time to attaein safety ‘specd increased by about
5 to 10 sccs. but this increase had no significent cffect on the meximunm
cylinder head tempeoratures, regardless of whether the cooling fans were
fitted or not.

Polar discrens showing the cylinder temperaturc distribution of each
cngine at a woint approximating to the stage at which the aircraft was
climbed away at the safcty speed of 125 knots I...S. are given in Fig. &4,
the effect of rcmoving the cooling fans is also illustrated in that Figure.

(i1) Susiaincd Climb. TFig. 5 shows curves of the highest cylinder
temperaturcs on cach engine against height, i.e. from a point approximating
to the termination of Figs, 3A to 3D, to the end of the 5 minute period
at take-off power, and subscquently to 3,000 ft, at intermediate power,

Duc to differences in heisht at which the engines were throttled back
to intemediate pover, stabilised cylinder temperatures are only shown
between 7,000 and 8,000 ft.

Cylinder temporatures increased with height while at take-off power,
At 4,500 ft, the higher altitudes common to all tests before throttling
back to intermediate powcr, the highest cylinder temperaturc reached the
relevant limitation of 310°C on Nos. 1 and 4 engines with cooling fan on,
and exceeded the limitation by 10°C with fan off on Nos, 1, 2 and 4 cngines,

The maximum cylinder temperature at intermediate power in the stabilised
height range, 7,000 = 8,000 ft.; werc within the limitation of 300°C in all
ingtances.

Figs. 6 and 7 show polar diagrams of the cylinder temperature distribu-
tion on each engine at 4,500 ft, (toke-off power) and at 8,000 ft. (interme-
diate power) respcctively, The diagrams also show the effcct of removing the
cooling fans from Nos. 1, 2 and 4 installations, in terms of cylindcr termera-
ture distribution and hishest cylindcr temperatures.

The carringe of the 20 external containers did not significantly effect
the cylinder temperaturcs,

k.5 Level flight ot max.continuous power, weak mixture, at 8,000 feet.
Polar diagrams for this condition arc shown in Fig., 8. Ramoving the cooling
fans caused higher cylinder head tomporaturcs but those were well within
limits with thc edrcraft clean oand cooling gills closed.

/Fig.\ll;e‘éo-n;o
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Plgure 9 shows polar diagrams of cylinder temperaturcs vith the fans of”
nunbers 1, 2 and 4 instellations, and the 20 cannisters fitted cxternally.
The increase in temperaturs of the hottcst cylinder duc to the large loss of
speed experienced with the containers fitted, was cstimated thcoretically to
be about 25 - 30°0, The tests tended to confirm this cstinate, and varying
amounts of gill oponing were necessary to keop the maximum cylinder head
tenperatures within the limitation of 300°C.

L6, TLovel flight at 2400 r.p.m. ot 1,000 feet at 115 knots I..4.S, This
"dropping run" is of significance only when carrying the 20 external containers.
In this confipuration and using 20° flap, & boost pressure of about = 1 1b/sq.in.
vies required to give the desired I,A.S. of 115 knots, Polar diagroms for this
condition (fan off Nos. 1, 2 and 4 installations) arc shovm in Fig, 10, Cylin-
der temperatures were high, rcquiring half gill opening on some engines to koop
within the limitations of 300°C,

5. Discussion of results

5.1, Effect of removins cooling fans on cylinder temperstures. The
effects are summarised belos:

Containcrs not fitted

Increase in max: cyl:| :
Test conditions tormp: due to removingy Number of hottest cylinder !
fans (°C) :

No.1 BEng. |No.2 Eng.|No.4 Eng,
Manocuvre Gills. No. |No, !No, [Mean [Fan [Fan [Fan [Fan Fan | Fan

fir Intakg 1 2 4 lInc. OM__|OFF |ON |OFF |ON | OFF

Ground coolin: | Open.
at 1400 ryp.i | Clean., | 20 5 125 15 2 112 &7 112 2 112

Take-off at
safety spced; Omen.
take=-off power.| Clcan, |15 [15 120 15 12 {12 8 2 |12 {14

Climb at 125
kts. at 4,500 ‘
feet. (near end] Open. 10 |25 (10 |15 2 2 |3 |2 (12 (14

of 5 mins); Clean.
take=off power.

Climb at 130
kts. at 3,000 ;
fect; interme~ | Open. o fi0 110 | 5 (tn I |1 |1e2 | |
Hiate power, Rani.

Level flight af] }
8,000 feet; i

max, continuoug Shut. 10 (15 o |10 2 2 11 1 2 |28ty
poirer, vieak Ran, |
mixture, ! i |

These results are in good agreement with thosc obtained on other comparable
installations at the 4. & AE.E, -

5.2, Commarison of cylinder temperatures measurcd by the standard and
test pyrometers., A comparison is made, using notation as follows:e

A Cylinder head tcmperature of No. 14 cylinder measured by the Standard
gingle point pyromcters.

B. Cylinder head termerature of No. 14 cylinder mcasured by test-pyrometers.

C. Cylinder head tompcrature of the hotiest cylinder, measurcd by test
pyrometers.

/cooling. ...
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Cooling fans off Noa., 1, 2 and 4 enuine inatallations, ©ills fully
open except in level fli«ht at 8,000 feet, when they were shut:
containers not fitted.

A - B (“C) A =C (%)
Manoeuvre Engine No. Mean Enmine No, Mean
1 2 3 4 {value | 1 2 3 [N Value

Ground run ot
1400 r,pai. 15| «15] O | =20 | =10 |=20| =25 | =5 =30 -20

Toke-off at safety
speed; take-off
power, ~251-30| 0 | 16| -15 |[=35] =35 | =10 | =15 -25

Climb at 125 knots
at 4,500 feet,

{near end of 5 mins)
teke=-off power, =351 -20] -10Q} =20 | =20 =451 =50 | =25 =20 =35

Climb at 130 knots
at 8,000 feet;
intermediate power. |=35 | =30 =10} =15 | =20 [=35| =35} =10 |15 =25

Level flight at

8,000 fect; max.
continuous pover,
weak mixture. =30 | »35] =101 =10 | =20 {=55] =45 | =30 j~-10 -35

The mean valucs of £ - B erc similar to results obtained on a Hastings
aircraft powered with Hercules 101 engines at A, & 4,B.E, and B E U, (Sec 17th
Part of LAER/343). The tcsts on that Hastings aircraft also showed that num-
ber 14 cylinder, to wiich the stardard pyromcter was fitted, was not the
hottest cylinder in every case; & similar rosult was obtained on a Varsity.
(See 7th part of ALEB/373). o

The reascns for incorrcct indications of cylinder temperatures given
by the single point pyrometers is not known to date; this is to be the subject
of a separate investigation.

Tt is significant, however, that the crrors (mean values) in cylinder
temperature indications tend to become greater with progress of the flight plan,
i.e.,, the errors arc a minimum during the ground run, rising to a maximum before
throttling=-back to continue the climb at intermediatec power, and thereafter
remaining sensibly constant. This characteristic of error may be due to the
influence of temperature gradients and changes in those gradients, across the
fireproof bulkhead (which carrics a form of plug and sockct connection for the
pyrometer leads), reacting unfavourably on the electrical characteristics of
the pyrometry. The basis for believing thet there are material changes in
temperature gradient is founded on the supposition that the engine bay forward
of the fireproof bulkhead is being zenerally heated as the flight progresses,
until it reaches a near stable temperature around the throttle-back point on
the climb, while the temperature to the rear of the bulkhend remeins sensibly
constant at 2 materially lower temperature. The effect of such unequal heat-
ing on the behaviour of the pyrometry will be included in the investigation
referred to above.

The potential dangers of incorrect indications (negative errors) of the
hottest cylinder teuperature of the magnitude shown above (A = C) would appear
to be obvious, The following is indicative of those dangers,

(a) It is assuncd that, among other reasons, the pyrometers are installed
for use by aircrew as a guide as to when to adjust the ecowl 3ills to keep the
eylinder temperatures within the proscribed limitations; observing the

/principles. ...
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principles that minimum gill oponing, commensurate with cooling requircments,
should be used for rcasons of aerodynamic cleanliness and hence optimum per-
formance. If such a procedurc is used in the Service, it would be rcasonablc
to oxpect serious overhcating of the engino, in terms of the cylinder temperr=
ture limitations dcclared for the Horcules 106 engine, particularly with the
aircraf't carrying external stores in hot climates.

(v) 'Transport Command would appear to be justified by their multitude
of indications of cylindor temperature obaserved during operotions of Hastings
aircraft in hot climates in believing that the cooling level of the Hercules
106 engine is quitc adequate for operating under conditions of high air tem-
perature, This belief could be such that, if the foilure rete of cowl gill
components (e. 3. #ill motors) becomos unreasonable, they may decide to make
the gills inoperative, i.e., fixed in the closed position. The dangers
attondent upon such a hypothetical casc are again evident in terms of the
limitations declared for the Hercules 106 engine,

5.3, Positioning of sindle point pyrometer. It is clearly impracti-
cable to select any one cylinder that is always the hottest under the vary-
ing conditions of operation, since changes in temperature distribution are
brought about by such factors as:-

changes of engine setting at constent height,
dranges of height at constant engine setting,
changes in ambicnt air temperature,

changes of =zill sctting,

enzine tuning tolerances,

G o o

Furthermore, variations of temperature distribution will undoubtedly
occur between nominally identical enrines and/or by virtue of different loca-
tions on the aircraft.

The results of the »rosent tests have, however, been examined to deter-
mine if number 1k cylinder is the best choice for indicating the highest
cylinder head terperature under the conditions of test covered in this report.
This results in the followins:

(i) Using all the rosults, fans on and off, The cylinder which more
often experiences thc hiznost temperature, is No, 2; it is not, however,
areatly superior to No. 4.

(ii) Usins the resulis with fans off,  The rosult is similer to (i),
but with greater emphasis on No. 2 cylinder as the more rovresentative cylinder.

(iii) Usinz only the rcsults of the two mest critical working cases,
fang off, MNumber 2 cylinder is the hottest in both instances.

The foregoing agrees with somevwhat neazre results obtained at this Establishment
on other similar engine instelletions.

5.4, fLosessmept of suitability of cylinder cooling for operating under
conditions of I,C.).N., tenperato summer, and tropical swmer stan-
dards of air temperature™, in terms of the current cylinder tem-
perature limitations. The following is to be noted in relation

to this esseasment:=

(1) Tests on 'D.476 were, in general, intended to be made with an
external configuration representative of the worst drapg case, e,m., two jeeps
end six containers carried externelly. Circumstances mnde it necessary, however,
to approximatle to that condition on test, by the carriage of twenty containers.
The aircraft's nerformance in each of these configurations is given in the 4th
Part of ALEE/B43/1/P, That data has been used as a basis for cstimating the
effect of the reduced performance due to the carriage of the mixed load of jeeps
and containers, on cylinder cooling. This results in:= J(a)

Bleeee

%10, 0N, - 1570 rt sea lovel with nssociated lapac rate. ‘
Termerate Suivcr;- 27% at sea level with associated lapse rate,
Tropical Sumer:- 1100 at sea level with associated lapse rate.
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(a) negligivlo offect on cylinder tomperaturcs during ground running,
toke=off, and climb,

(b) o risc in cylindor temperaturcs of about 5%, in level flight at
8,000 feoct at maximum continuous power (week mixture) and in
level flight at 1,000 fect using a power sctting to achieve the
desired dropping speed of 115 knots, I...S.

The assessment of the suitability of cylinder ocooling includes an
allowance for (b).

(i) Tests madc over a range of air temperature on other enginc instael-
lations, indicatcs that the correcq:;gion to cylinder temporature for air tempora-
ture will not be less than 1.0 when using cruisingj powers in the weak

mixture range, and is probably of the order of O. 7&1‘ at teke-off and inter-
mediate powers,

The assessment is therefore given on the basis of:=

(o. 1.0 T for all tests; this comforms with the present requirements
’ J
of A,P,970.

also (b) wusing G.7 AT far those tests at takc-off and intermecdiate powers.

The assessment is made in tabular form beleow, as the differences (to the
nearest 5°C) between the temperature of the hottest cylinder of the
hottest engine and the appropriate limitation, for the three standards of air
temperature,

" Supercharger

Difference between hottést cglinaer
Test conditions temperature and limitation, “C.
“Cowl Termerate Tropical
] , &ills Ext./|Fans R Swimer Swaer
Manoeuvre | FPover |ard load | on
Settinglair jon or | or [L.C.A.N, [1.0/\T |0.7/AT 11.0/\T|0. 7/\1
Tintake| off joff .
i
On attainin:j{ Take- {Full |On or | On | =25 -15 | =5 0 -5
safety speed off bpen, off Joff | =10 0 0 +#5 | #10
at take-off | Clecen.
125 kts,LA.S) {
1
Clinb at !
4,500 £t, af] Take~ 'Full |
125 kts.I,.,5,0ff |open. |On or | On 0 +10 D 40 | so5 | 420
{ towards end | 'Clean.| Off [Off +10 +20 +20 +35 +30
of 5 min, | ]
from start :
of take-off) !
Climb at i
8,000 fect Inter-Full
at 130 kts. ; mediatc|open. {On or | On =15 -5 =10 H0 +5
I, 5 Se Ram, off off -5 +5 0 +20 | +15
Shut. 0ff On ~25 =15 0
Level flight| Mex, [Ram, |Off Off =20 =10 o 5 o
at 8,000 contin, {Full 2 o
feet, (Weak {open, [0n off| =5 +5 3 +20 e
1ix,. ) |Ram, ] 2
Tevel flight|At eppro- i "é
at 1,000 ft, [priate |Half oy &
at dropping {power, |open. ,0On off| +5 +15 " +30 »
speed of weak  |Rem. | 2 2
115 kts.I,AS.mixture ! i ! |
/Contde.,..

A AT = the difference between the standard air terperature and the ambicat
air temperatures on test,

i S g ST e e T
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# External load assumed to be 2 jeeps and 6 containers,
® These results are factual (the air temperature on test did
not differ from the 1.0,4LN. standard by more than # 3°C).

It is possible that Transport Command, in their routine operation of
Hastings aireraft, do not invoke the use of take=off power for a period grea-
ter than that nccessary to achieve a safe height following take-off, (up to
about 100 feet), the engines then being throttled back to intermediate power.
It is estimated that, under those conditions of operation:-

(a) the maximum cylinder tempcrature at the throttle-back point would
be about 5°C, greater than that obtaining at the take-off safety
specdl,

(b) considerinz the takc=-off and climb to 8,000 feet as e whole, the
maximum amount by which the temperature of the hottest cylinder
would exceed the limitation vith fans off, will be reduced to some
15 to 20°C under tropical summer conditions,

On the other hand, such a relaxation in cyliader temperatures would not
be valid under circumstances such as an engine failure occurring on take=-off,
or when practising overshoots with simulated engine failure,

Tests on similoer installations at this Bstablishment have showm that
opening the gills fully at constant power setting is not necessarily the best
nethod of achieving a reduction of cylinder temperaturc in level flight, It
wiag found from these tests that, for the same loss of speed arising from
opening the gills fully at canstant throttle setting, a greater reduction
(approximately 5°C) of cylinder temperatures was obtained by throttling back
with the gills shut., The adoption of such a procedure in lisu of using full
#111 opeming in level flight at 8,000 feet should produce a similar beneficial
result,

In the case of level flight at 1,000 f£t,, when it is required to achieve
a speed of 115 knots, the combination of power and gill setting used is con=-
sidered to approximate closely to the optimum for cylinder coolins, The
charactcristics of the zills are such that opening thaa beyond the position
chosen (half open) would result in a fairly rapid increase of drag accompanicd
by an insignificant improvement in cylinder cooling at constant engine setting,
Since increascd power will then be required to meintain the speed of 115 knots
I.A.S., this would probably result in higher cylinder temperature,

6, Conclusions

6.1, Standard single point pyrometers, and their location. The cylinder
head temperature of No. 14 cylinder, to which the standard single point pyro-
meter is fitted on cach engine, is incorrectly indicated by the standard
pyrcmeter, This equipment indicates a cylinder tamperature some 20°c, lower
then that measured by test equipment.

No, 2 cylinder would be a better choice than No, 14, for locating the
single point pyromcters, in tems of a cylinder which is most frequently the
hottest cylinder under all the various conditions of operation,

The potentizl dangers associated with the unreliability of the present
single point equipment, coupled with the impracticability of selecting a
single cylinder which is always the hottest under all condi tions, warrents cone-
sideration being given to the deletion of that cquipment in 1ts present form
and the institution of a suitable drill for manipulation of the gills in terms
of operating conditions anl ambient air tempcrature, When the reasons for the
mal-functioning of the single point pyrometers is known, and curcs effected,
the re~introduction of sinzle point cquipment would be justified; it should
be located on a cylinder which is the most representative of the hottest
cylinder for those conditions of opcration givinz risc to the highest critical
cylinder temperatures.
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6.2, Suitability of cylinder cooling in terms of the current cylinder
tumeratwe linitations. Alter taking into account

(i) the provable mamer in vhich Hasbings aircraft carrying cxternal.
stores are operatud by Transport Command,

(i1) nothods of obtaining optimwa cylinder cooling,

(1ii) ocorrections which are a closer approximation to the true -rate of
change of cylinder tempcrature with air temperature,

and (iv) an oxternal load reprosentative of the worst drag case,
it is concluded, from the tests on WD.476 with cooling fans removed, that the

current cylinder terwerature limdtations will be cxceeded under tropical sum=
mer conditions by:=-

a) Take-off 10%
b) Climb 159C
c) Level flight at 3,000 feet 159¢
&) Level flight at 1,000 feet, (dropping specd 115 knots)  30°C.

With the cooling fens fitted, (@) is the only casc likely to give risc
to the limitetions being materially cxceeded, i.e., by about 15 to 20°C.

The frequency with which mechanical failures of the cooling fan instale-
lation has occurred on Hastings aircreft operated by Transport Command, suggests
that their retention may intrcduce a hazard greater than that due to the increase
of cylinder temperature arising from their removal,

6.3. Suitability of the cylinder cooling in tems of the experience
ontained in Transport Command. It appears that Transport Cormand
is successfully operating Hastings aircraft powered with Hercules 106 engines,
without coolinz fans, under ncar tropical conditions. These operations have
presumably included Hastings aircraft in configurations sinmiler to the worst
drag case e,%. two Jeeps and six containers.

If this is correct, then,
(a) on the basis of the results obtained on WD.476

(b) assuming the conditions of test on WD.476, caibined with the relevant
assuptions made, reflect the mamner with which Hastings aircraft are
operated by Transport Command,

and (¢) assuming that similar low indications of cylinder temperature are
displayed to the operators by the stendeard single point pyrometers
(which may lecad to the gills being closed when they should be open),

then 1t would apvear that cylinder temperatures materially hizher than the
current limitations have occurred on numerous occasions,

This vould be expected to give rise to an inercase in the rate of engine
or relevant component failure. To the best of our knowledge, however, this has
not occurred, e would therefore suggest that, on the basis of the foregoing,
the cylinder temperature limitations declared for the Hercules 106 engine can
be materially exceeded with safety.

7. PFurther developrcnts.

Iin investigation is proceeding into the reasons for the apparent mal-
functioning of the standard pyrometer equipment.
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FIG. 4
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FIG.6.

CYLINDER HEAD TEMPERATURE
LIMITATION = 310°C.
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FIG. 7
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LIMITATION « 300 C.

FANS ON.
— = —~FANS OFF (|, 284 ENGINES).

@ STANDARD PYRAOMETER
ON N9 14 CYLINDERS.
WITH FANS OFF N | 2Lg
ENGINES,

S -

CYLINDER HEAD TEMPERATURE DISTRIBUTION IN CLIMB AT NTERMEDIATE
FOWER BOOOFT 130 KNOTS I.A.(Si g/}A.MN?'R GILLS FULLY OPEN ‘M GEAR




30<

[ 3 s 979 ddvl

OSNY1Q "HO|R WYLl D+0m @i somiLsvH]

o2

7=t 3 3V IVEN 180d 380 1ovass)

coQ L

CYLINDER

CRUISE PO!

GILLS SHU



V=

FIG. 8
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